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Deposition characteristics of Ge using thermal decomposition of GeH4 are studied.. The 
deposition rate ofGe in a surface reaction region at temperatures below 410·C is formulated as a 
function of the deposition temperature and GeH4 partial pressure. Selective deposition of Ge 
occurs reproducibly in the lower temperature range below 410·C. The cause of the suppression of 
selectivity and epitaxial growth at deposition temperatures above 450 ·C is confirmed as oxide 
contamination on the substrate. 
The Ge deposition on S1 substrate is of interest in the 
fabrication of Ge-Si heterojunction and interlayer between 
GaAs and Si in semiconductor devices. It is well known that 
the Ge epitaxial layer is grown on Si substrates by chemical 
vapor deposition (CVD) at temperatures above 500 ·C using 
thermal decomposition of GeH4 • \-4 However, little is known 
about the Ge deposition characteristics such as deposition 
rate or selective growth. 
In the present work, Ge films are deposited on a Si sub-
strate in a relatively low-temperature range of 330-530 ·C 
using the GeH4-H2 gas system. The deposition rate of Ge 
films at temperatures below 41O·C is formulated as a func-
tion of deposition temperature and GeH4 partial pressure. 
Moreover, it is found that Ge is selectively deposited on a Si 
surface but not on a Si02 surface at temperatures below 
410 ·C, while above this temperature selectivity is likely to be 
suppressed. The influence of oxide contamination over the 
substrate upon the selectivity and the crystalline structure is 
discussed. 
Ge films were deposited under low pressure in a lamp-
heated horizontal reactor, in which deposition pressure was 
4x 10-3 atm. Deposited thickness was about 1500 A. The 
deposition temperature on the substrate surface was mea-
sured with an optical pyrometer and the deposition pressure 
was obtained with a mks Baratron pressure gauge. Sub-
strates used were p-type Si wafers of 10-60 n cm with mirror 
polished (100) surfaces. To compare Ge deposition clharac-
teristics on Si with those on Si02, Si substrates were thermal-
ly oxidized and the oxide was locally removed by photolitho-
graphy and etching. Native oxide on Si surface was removed 
by etching in a dilute HF solution before Ge deposition. The 
deposition rate was obtained by deposition time and deposit-
ed thickness. The latter was measured by a Taylor Hobson 
talystep. The structure of the Ge films was evaluated by the 
electron diffraction method; Ge films had been lightly 
etched before electron diffraction measurement. A cross sec-
tion of the samples was observed through a scanning elec-
tron microscope (SEM) to confirm selective deposition. A 
depth profile of oxygen in samples was obtained by secon-
dary ion mass spectroscopy (SIMS). 
First, the deposition rate and the structure of Ge films 
deposited on (100) Si surfaces are described. Figure 1 shows 
the GeH4 partial pressure P GeM. dependence of the Ge depo-
01 Present address: Research Institute of Electrical Communication, To-
hoku University, Sendai-shi, Miyagi 980, Japan. 
sition rate on the Si surface. At temperatures above 490 ·C, 
the deposition rates are nearly proportional to P GeM. and are 
independent of deposition temperature, while the slope of 
the deposition rate with P GeH. is less than unity at tempera-
tures below 410°C. These results mean that at temperatures 
above 490 ·C, the deposition rate is determined by the supply 
of GeH4 , while below 410 ·C, the rate is controlled by surface 
reaction of GeH4 • The crystalline structure of the deposited 
Ge films evaluated by the electron diffraction method is also 
shown in Fig. 1. These structures are classified into three 
types: random polycrystalline, (110) oriented polycrystal-
line, and epitaxial layers. Figure 2 shows typical electron 
diffraction patterns for these three types of Ge films. The 
structure of Ge films deposited at temperatures above 450 ·C 
was (110) oriented polycrystalline in most cases, although it 
was epitaxial in rare cases. On the other hand, at tempera-
tures below 410 ·C, it was epitaxial with good reproducibil-
ity, except for one point at high P GeH. as shown in Fig. 1. 
At temperatures below 410 ·C, the empirica1 equation 
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FIG. I. GeH. partial pressure dependence of the Ge deposition rates on a Si 
surface. The structures of the films are (a) epitaxial, (b) (110) oriented poly-
crystal, and (c) random polycrystal. The'solid curves were calculated based 
on Eq. (1). 
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FIG. 2. Electron diffraction patterns for Ge films on Si surfaces: (a) random 
polycrystalIine film deposited at 330 'C for P GeH. of 4 X 10-4 atm, (b) (110) 
oriented polycrystallinefilm deposited at 490 'Cfor P GeH. of5 X 10-5 atm, 
(c) epitaxial film deposited at 330 'C for P GeH. of 2 X 10- 4 atm. Electron 
diffraction pattern of the epitaxial film shows twin spots, which were com-
monly found in the electron diffraction patterns of the other epitaxial films. 
for the deposition rate, R, is given by 
R = APGeH• (A/min), (1) 
1 + BPGeH. 
where A = 1.1 X 1015 X exp( - 1.17 eV IkT) (A/min/atm), 
B = 9.8X 1(fXexp(0.16 eV/kT) (atm- I ), k is Boltzmann 
constant, and T is absolute temperature. Here it should be 
noted that this equation is obtained from the deposition rates 
of Ge films grown epitaxiaUy on (100) Si surfaces and is the 
same as the Langmuir's adsorption isotherm. The solid 
curves in Fig. 1 were calculated using Eq. (1); they show a 
dose approximation to experimental results in deposition 
temperatures between 330 and 410 ·C. The difference 
between the calculated deposition rate and the one observed 
at 330·C for P GeH. of 4 X 10-4 atm is assumed to be related 
to the fact that the structure of the film at this point is not 
epitaxial. 
Next, the marked difference of the Ge deposition rate on 
Si and Si02 surfaces, i.e., selective deposition, is described. It 
was found that at temperatures below 410 ·C, Ge is deposit-
ed on the Si surface but not on the Si02 surface, while such 
selective deposition does not necessarily take place at tem-
peratures above 450 ·C. Above this temperature, selectivity 
was apt to be suppressed. Typical SEM micrograph of the 




FIG. 3. Typical SEM micrograph of the sample selectively deposited at 
370'C for P GeH. of 5X 10-5 atm. 




Si o :,. /' 102 (\:. ___ .1.. _______ _ 
I 
\ ! 
101 • ·A 
\ ! f \ .. . 
I 
DEPTH FROM SURFACE (/Lm) 
FIG. 4. SIMS depth profile of the sample prepared at 370 'c. 
Fig. 3. Murota has suggested that the reaction of surface 
chemical species occurs on the adsorption site in the surface 
reaction region. 5 Based on this and the present results in 
which the deposition rate is expressed by Eq. (1) similar to 
the adsorption isotherm, it is assumed that the negligibly 
small adsorption site density on Si02 surface compared with 
that on Si surface causes selective deposition at temperatures 
below 410 .c' 
Finally, the mechanisms for nonselective deposition or 
for nonreproducibility of selectivity at temperatures above 
450 ·C are discussed in relation to the crystalline structure of 
Ge films deposited. It has been confirmed that even at high 
temperatures, for example, 530 ·C, selective deposition and 
epitaxial. growth take place just after cleaning the CVD reac-
tor in the present work. This implies that some kind of conta-
mination is formed after Ge deposition experiments, which 
influences selectivity and crystalline structure. From Auger 
electron spectroscopy (AES) measurement, Ge peaks were 
observed both on Si and Si02 surfaces when samples were 
heat treated at 530 ·C, but not at 330 ·C, in the reactor with-
out flowing GeH4 after repeating the Ge deposition experi-
ments. Moreover, oxygen was detected at the Ge-Si interface 
of the sample prepared at a temperature 530·C by SIMS 
depth profiJ.e measurement as shown in Fig. 4. On the other 
hand, there is no oxygen detected at the interface of the sam-
ple prepared at a temperature 370·C. These results suggest 
that nonselective deposition and the suppression of the epi-
taxial growth at temperatures between 450 and 530 ·C are 
caused by the adhesion of the oxidized Ge to the substrate 
followed by the generation of a GeH4 adsorption site. 
Kn summary, the deposition rate of Ge for the surface 
reaction region at temperatures below 41O·C is formulated 
as a function of the deposition temperature and GeH4 partial 
pressure, similar to the Langmuir'S adsorption isotherm. Se-
lective deposition is obtained reproducibly below 410 ·C, 
though not above 450 DC. Suppression of selectivity and epi-
taxial. growth at temperatures above 450 ·C is caused by the 
adhesion of oxidized Ge to substrates before Ge deposition. 
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Impact ionization rates in (111) oriented InP have been derived in the temperature range 77-293 
K from photomultiplication data measured on a planar-type InP avalanche diode, and have been 
compared with those in (100) oriented InP. It has been found that there is no marked difference in 
electron ionization rates between the (111) and (100) orientations. This result confirms that no 
ballistic impact ionization occurs in InP at the measured electric field range of 4.1 X 1 ()~ 
V cm<E<5.6X lOS V cm. 
There has recently been a controversyl-5 on the crystal 
orientation dependence of electron ionization rates, that is, 
on the probability of ballistic impact ionization of electrons 
in III-V compound semiconductors such as GaAs and InP. 
In these crystals there exist threshold states for electron im-
pact ionization along the (100) and (110) orientations; on 
the other hand, the < 111) direction has no threshold state 
because the conduction band along this direction is not wide 
enough for electrons to cause impact ionization. Therefore, 
if there is a probability for electrons accelerated along the 
(100) or (I1O) axis to ballistically reach the threshold 
states, the electron ionization rates in these directions will 
have larger values than in the < 111) direction. 
The investigation of the crystallographic orientation de-
pendence of electron ionization rates at low temperatures 
will give an important clue to the problem of ballistic impact 
ionization. The reason is as follows. The intervalley scatter-
ing is a dominant scattering mechanism competing with the 
electron impact ionization process, and this scattering be-
comes ineffective with lowering temperatures. Therefore, if 
the ballistic impact ionization occurs at room temperature 
even to a slight degree, this will be more and more conspicu-
ous as the temperature is lowered. 
So far the orientation dependences of ionization rates 
have been measured at room temperature.6-8 We have, for 
the first time, derived the electron and hole ionization rates, 
a and /3, in (111) oriented InP in the temperature range from 
293 K down to 77 K. The obtained a's have been compared 
with low-temperature a values in (100) oriented InP,9 and 
the probability of ballistic impact ionization has been dis-
cussed. 
The electron-initiated and hole-initiated mulitiplication 
factors Mn and Mp were measured on a planar-type InP 
avalanche diode shown in the inset of Fig. 1. The epitaxial 
layers were grown by a two-step growth method using liquid 
phase epitaxy. In the first step, n-InP having the donor con-
centration of 3.0X 1016 cm-3 and the thickness of 3.5 J-lm 
was grown on an n+ -InP(1l1) A substrate via n-GalnAsP 
etch stop layer. After the growth n-InP was selectively 
etched about 2 J-lm except for the photosensitive region 
whose diameter is 100 J-lm. Then, in the second step, the 
surface of n-InP was 0.6 J-lm melted back, and successively 
n- -InP Was grown. The donor concentration of this layer 
was (3-6) X lOIS cm- 3 and the thickness was 1.5 J-lm in the 
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FIG. I. Reverse bias voltage dependences of electron-initiated and hole-
initiated multiplication factors, Mn and Mp. at temperatures T = 77, 153, 
223. and 293 K. Solid and broken curves represent Mn and Mp. respective-
ly. The inset shows the schematic cross section ofInP diode. 
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